Considering the frequent handover problem caused by network densification and the employment of millimeter wave (mmWave) in 5G heterogeneous networks (HetNets), we present a novel network framework for 5G control/user plane split (CUPS) network to perform seamless handover between two neighbour macro evolved nodeBs (M-eNBs). By introducing an eNB called handover assisted micro eNB (HO A-eNB) in the overlapping region, the success probability of the handover between two M-eNBs can be significantly improved. When a user equipment (UE) is performing the inter M-eNBs handover, the UE will keep the dual connectivity with the source M-eNB and the HO A-eNB. After the handover is completed, UE will keep connecting with the HO A-eNB and the former target M-eNB. By introducing HO A-eNB and redesigning the signaling procedure of inter M-eNBs handover, we can obtain better handover performance, and the reliability of communication systems can be greatly enhanced. Simulation results show that the handover outage probability is lower than that of the traditional CUPS HetNets, and the handover success probability of inter M-eNB is almost 34.7% improved.
I. INTRODUCTION
5G heterogeneous networks (HetNets) have been recognized as one of the promising solutions to solve the unprecedented technical challenges existing in the current networks, which can provide the seamless high-rate communication services for mobile user equipments (UEs) [1] . By overlaying the macro evolved nodeBs (M-eNBs) with another tier of densely deployed micro evolved nodeBs (MI-eNBs), 5G HetNets has the potential to significantly scale up the system capacity and improve the reliability of communication links. As the central activity of 5G HetNets, handover plays an important role in satisfying the requirements of the ultra-reliable communications with ultra-high availability and reliability in future 5G networks.
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With the eNBs being densely deployed, the high reliable and guaranteed handover performance is prerequisite in 5G HetNets. In the conventional cellular networks, operators chose Sub-6GHz frequency bands to provide reliable quality of service (QoS) due to their perfect electromagnetic characteristics [2] . However, the greatly reduced amount of available Sub-6GHz spectrum resources has little space to further increase the transmission rate of 5G HetNets [3] . Millimeter wave (mmWave) boasts an advantage in abundant spectrum resources, which has the capacity to offer large swathes of spectrum for satisfying the quest of capacity increment in future cellular networks [4] - [6] .
Although the introduction of mmWave in 5G HetNets can effectively alleviate the interference between different tiers, the relatively high path-loss, atmosphere gaseous loss, and the precipitation attenuation of mmWave will shrink the efficient coverage of mmWave eNBs, which leads to the occurrence of more frequent handovers [7] and higher outage probability [8] , [9] . In order to meet the ultra-reliable handover requirements of 5G HetNets, the Control/User plane spit (CUPS) architecture with densely deployed MI-eNBs was presented to tackle the coverage and capacity problems, which was able to improve the network capacity and spectral efficiency [10] - [12] . The authors in [10] proposed an adaptive handover trigger scheme which could predict the received signal strength indicator to ensure that handover was triggered accurately and timely when a UE was moving. Aiming at improving system capacity and reducing signaling overhead, the CUPS-based network architecture has been drawing a lot of attentions [13] , [14] .
In the CUPS-based architecture of 5G HetNets, Sub-6GHz bands are employed at M-eNB to transmit C-plane information for all the UEs located in the coverage of M-eNB, and M-eNBs also support the functions of transmitting the U-plane data to the UEs served by the M-eNBs. Meanwhile, mmWave bands are applied at MI-eNBs to transmit U-plane data for high-rate data transmission. In the available literature, the advantages of CUPS-based network architecture has been demonstrated through analysis and simulations in system level, especially in the ultra-dense networks (UDNs) [15] , [16] .
Compared with the conventional cellular networks, the handover in the CUPS-based network architecture of 5G HetNets are faced with some technical challenges, which are summarized as follows:
• Higher handover frequency. In 5G HetNets, due to the dense deployment of eNBs, the coverage of eNBs will become much smaller than that of the traditional eNBs, and the mobile UEs will face frequent handover problems. How to effectively improve the handover success probabilities, and reduce the effects of pingpong handover becomes a central activity in the CUPS-based architecture of 5G HetNets.
• Imprecise signal measurements. mmWave communication, which operates at the higher frequency bands, has the ability to increase the system capacity and provide the superior UE experience. However, mmWave suffers serious path-loss, rain attenuation, and low diffraction, which heavily impacts the accuracy of signal measurements. The imprecise measured signal will increase the outage probabilities, and lead to the occurrence of unnecessary handover [17] .
• Different network layers handover. In the conventional mobile communication systems, handover is performed between two identical network layers, whereas in 5G HetNets, the handover between two neighbour M-eNBs has to be performed in control/user plane respectively, which greatly reduces the QoS of UEs due to the frequent handover [18] . In order to effectively solve the handover problems in CUPS-based architecture of 5G HetNets, some handover management strategies have been proposed.
Focusing on the frequent handovers between small cells in ultra-Dense heterogeneous network, the authors in [19] proposed a frequent handover mitigation algorithm based on mobility behavior. However, this scheme relies on real-time classification of users, which will greatly increase network burden and handover delay caused by heavy computation. The authors in [20] proposed two techniques to decrease the number of handovers, which the decision to skip a handover is judged by the cell's topology in the first technique, and the skipping decision is made based on the eNBs of three successive cells according to the user's trajectory. These two techniques are focusing on the Ultra-Dense Networks, and not suitable in the 5G network in which the control plane and the user plane are split.
The authors in [21] , [22] demonstrated that the 3GPP standardized dual connectivity technique was able to provide the stable and advanced handover management performance. However, the handover procedure of dual connectivity technique requires to be operated both in the C/U plane, thus increasing the outage probability. The authors in [23] proposed a premature handover scheme based on dual connectivity to improve the robustness of the handover between two M-eNBs. By using the transmit diversity, the handover failure risk and the interruption time of long services were decreased. A dual connectivity based soft handover scheme was proposed in [24] for high-speed railway, where a relay and two antennas in the front and back of a train were deployed to realize soft handover. The authors in [25] developed a mobility prediction model to predict the UE's trajectory for minimizing the interruption time, which was able to reduce the signaling cost. Moreover, the improvement on network structure can also enhance the handover performance. A novel local anchor-based architecture for a static cluster of small cells was proposed in [26] . By introducing the new handover scheme in the novel architecture, the handover costs and interruption time were effectively reduced. The local anchor based mobility management scheme was studied in [27] for optimizing paging and registration update. In this way, user mobility can be tackled by the anchor locally. However, those anchors do not consider the scenario of mobility management between two M-eNBs.
In this paper, we focus on improving the inter M-eNBs handover performance through an advanced MI-eNB, and the main contributions of this paper is enumerated as follows:
• We propose a novel network structure and handover mechanism for the CUPS-based architecture of 5G HetNets, and a handover assisted micro eNB (HO A-eNB) carrying some control signaling in the overlapping region of two neighbour M-eNBs is introduced to improve the handover success probabilities.
• We redesign the signaling procedure of the inter M-eNBs handover. Once the links between the serving M-eNBs and UEs are interrupted, the handover can be accomplished by the HO A-eNB. • We present the numerical and simulation results revealing the better performance of our proposed handover scheme. The remaining of this paper is organized as follows: Section II narrates the system model, and Section III shows the handover procedures and signaling flows. The performance of our proposed seamless handover scheme is described and analysed in Section IV. Section V shows the simulation results and explanation. At last, the entire work is concluded in Section VI. Fig. 1 shows the CUPS-based architecture of 5G HetNets. In this paper, we only consider the scenario that UEs locate in the coverage of MI-eNBs, where MI-eNBs are responsible for transmitting data information to UEs at mmWave bands, and M-eNBs transmit control signals to UEs at Sub-6GHz for guaranteeing the ubiquitous coverage in the entire areas. In the overlapping region between two M-eNBs, an HO A-eNB is introduced to achieve seamless handover, and UEs will communicate with the serving M-eNB and HO A-eNB simultaneously. HO-assisted micro eNBs are set by operators when deploying network devices. The micro eNBs which locate in the overlapping region of two neighbor macro eNBs and carry some control signaling are called HO-assisted micro eNBs. Normal micro eNBs do not carry control signaling nor assist the handover between two neighbor macro eNBs. With the increasing distance between the serving M-eNB and UEs, the received signal strength (RSS) will greatly decrease. Once the RSS received from the neighbour M-eNB satisfy the handover trigger event, the handover will be executed.
II. NETWORK ARCHITECTURE
In this paper, we assume that the two neighbour M-eNBs share the same mobility management entity (MME), and the MME supports some functions including non-access stratum signaling tracking, security control of air interface, authentication, service gateway (S-GW) selection, and mobility management. The functions of S-GW mainly contain mobility support, downlink packet caching, data transmission, and packet routing [28] . By selecting the downlink path of data packets, the S-GW can successfully transmit the data information from the packet data network to the target eNB. The MME always associates with the M-eNBs and the HO A-eNB during the proceeding of handover, and the U-plane packets are transmitted to both the MI-eNB and the HO A-eNB. For simplicity, we employ L1/L2 signaling to replace some C-plane procedures related with the connectivity and mobility of MI-eNBs in the coverage of M-eNB.
III. INTER M-eNBs HANDOVER
In the traditional network structure, the inter M-eNBs handover and the inter MI-eNBs handover require to be executed when a UE moves from one macrocell to the neighbouring macrocell, which greatly increases the outage probabilities. Based on CUPS network architecture, our proposed scheme introduces an HO A-eNB into the overlapping region areas to realize the soft handover between the two neighbouring M-eNBs, and the HO A-eNB mainly transmits the UE data and some control signaling. Different from the conventional network architecture, UEs no longer send the Handover Request to the S-GW because the U-plane data is transmitted by HO A-eNBs during the handover between the two M-eNBs. The inter M-eNBs handover signaling with HO A-eNB is shown in Fig. 2 .
In the proposed scheme, the Handover Request will be sent to the target M-eNB from the serving M-eNB once the signal measurement report satisfies handover decision event and triggers the inter M-eNBs handover. Then the target M-eNB sends the Handover Request ACK to the serving M-eNB and HO A-eNB, respectively. And the Handover Command will be sent to UE and HO A-eNB by the serving M-eNB. If outage happens in the serving M-eNB during the handover, the control signaling will be carried by the HO A-eNB to accomplish the handover.
The proposed specific handover protocol is shown as the following steps:
1 Besides, if outage happens after step 3 on the link between the serving M-eNB and UE, the following signaling protocols will be accomplished by the HO A-eNB shown in Fig. 3: 1) The HO A-eNB finishes the PDCP layer protocols with the target M-eNB; 2) The UE completes the synchronization with the target M-eNB;
3) The target M-eNB sends the C-Plane Path Switch
Request to the HO A-eNB; 4) The HO A-eNB sends the Path Switch Request of C-Plane to the MME; 5) The MME sends the Path Switch Request ACK of C-Plane to the HO A-eNB; 6) The target M-eNB sends the Release Resource Command to the former serving M-eNB; 7) The former serving M-eNB releases resources.
IV. PERFORMANCE ANALYSIS A. DISTANCE CALCULATION
The system parameters are shown in Table 1 .
Assume that the X-axis of the coordinate is the horizontal line connecting M-eNB i and j, the coordinate origin is the point of the M-eNB i, and Y-axis is the line vertical to the X-axis. The position of UE at the X-axis is represented as x, and the locations of each eNB represented in the abscissa form are x i = 0m, x j = 1700m, x h = 850m, x m = 550m, x n = 1150m. Therefore, the distance calculation formulas of UE at a certain position x to each eNB are shown as follows:
In order to calculate in convenience, we merely take the interference from two co-channel eNBs into consideration. For example, the distance from the UE at abscissa x to the co-channel eNBs of M-eNB i can be expressed as:
(2) 
B. THE C/U PLANE SPLIT HANDOVER SCHEME WITH HO A-eNB
When the UE moves to a certain position x, the RSS received from the source M-eNB i and the HO A-eNB h can be calculated as:
PL m and PL s are the pass propagation loss of the M-eNB and MI-eNB, respectively. ε (i, x) and ε (h, x) represent the shadow fading of the M-eNB signal and MI-eNB signal, and they are also Gaussian distribution variables with zero mean and standard deviation σ . Then the interference signals strength of the two co-channel M-eNBs for M-eNB i can be expressed as:
,
So, the co-channel interference signal power can be given by: 10 10 Pr i 1 (x)/10 + 10 Pr i 2 (x)/10 .
Hence we can calculate the the qualities of the signals received from the M-eNB i and the HO A-eNB h as the following formulas:
when the UE moves into the overlapping region, it will keep measuring the quality of signals received from the source M-eNB and the target M-eNB regularly at a certain position x. When the signal received from the target eNB is dB higher than the source eNB, the inter M-eNBs handover will be triggered. Therefore, the trigger probability of inter M-eNBs handover is given as (7) , as shown at the bottom of the next page.
In our proposed handover scheme, when a UE arrives at a certain position x, the trigger probability of inter M-eNBs handover is merely the trigger probability of the handover between M-eNB i and j.
Besides, the outage probability of handover is another significant performance parameter. If the signal strength received by UE from an eNB is lower than ϒ, there would be interruptions in the communication link. Therefore, the outage probability of the communication link from M-eNB i and HO A-eNB h can be expressed as:
As for the inter M-eNBs handover in the traditional CUPS-based network architecture, there could be communication outage if the links from the M-eNB or MI-eNB interrupts. Hence the outage probability during the inter M-eNBs handover is calculated as:
Define that the success probability of handover at a certain position is the probability that a handover is successfully triggered by eNB at this certain position, and there is no outage during the handover execution period. According to [30] , the success probability of inter M-eNBs handover can be expressed as:
where a, b represent the MI-eNBs located in the edge of M-eNB i and j respectively in the traditional CUPS-based network architecture. Therefore, the success probability of inter M-eNBs handover in the traditional CUPS-based network architecture is calculated as:
By introducing the HO A-eNB, the outage of merely M-eNB links will not cause handover failure during handover procedure because the HO A-eNB can keep the connection between MME and transmit control signaling. So the outage probability in our proposed scheme is:
Hence the success probability of inter M-eNBs handover after introducing HO A-eNB can be expressed as the probability that the following conditions are satisfied. First, the inter M-eNBs handover is successfully triggered and completed in the overlapping region. Second, no simultaneous outage occurs in the communication links of M-eNB and the HO A-eNB. Third, there is no communication link interruption after inter M-eNBs handover is accomplished. Therefore, the success probability of inter M-eNBs handover after introducing the HO A-eNB can be expressed as:
C. THE ANALYSIS OF HANDOVER DELAY
In this subsection, the handover delay of our proposed scheme is analyzed by comparing with the traditional 4G hard handover(HHO). The handover between two macro eNBs in traditional 4G HHO scheme includes macro-macro handover and micro-micro handover. Due to that in the handover preparing period, the measurement control information, measurement report and handover decision signaling are the same in different handover schemes, those are not considered in the following handover delay analysis. As shown in in Table 2 , compared with the traditional 4G hard handover, our proposed scheme can decrease the inter-macro eNBs handover delay by more than 71%. By introducing HO A-eNB, our proposed scheme can significantly reduce handover delay, and complete fast handover.
V. SIMULATION RESULTS AND ANALYSIS
In section IV, we expound the performance of inter M-eNBs handover with the HO A-eNB. In this section, RSS, received signal qualities, as well as the trigger probability and the success probability of inter M-eNBs handover will be analysed by numerical simulation. The parameters of numerical simulation in our proposed scheme are shown in Table 3 .
As shown in Table 3 , M-eNB i locates in the point with abscissa (0, 0) and the abscissa of M-eNB j is (1700, 0), and abscissa of the HO A-eNB is (850, 0). (550, 0) to (1150, 0) is the overlapping region of M-eNBs. Fig. 4 depicts the simulation results of the RSS from different eNBs and the different locations of a UE. Fig. 5 illustrates the relationship between the received signal quality from different eNBs and different locations. It can be seen that when a UE moves far from the serving eNBs, the RSS and signal quality will generally recede. Especially, for the reason that the carrier frequency of MI-eNBs is 28 GHz, the signal received from the MI-eNBs suffers more serious path propagation loss compared with the signal received from the M-eNBs. Fig. 6 displays the simulation results of the inter M-eNBs handover trigger probability in our proposed scheme and the traditional CUPS-based network architecture. Since the inter M-eNBs handover includes macro-macro eNB handover and micro-micro eNB handover in the traditional CUPS-based network architecture, the handover trigger probability in our proposed scheme is higher than that of the CUPS-based network architecture. Clearly, the handover trigger probability performance in the overlapping region is further improved in our proposed handover scheme.
In Fig. 7 , the success probability of inter M-eNBs handover in our proposed scheme and the traditional CUPS-based architecture is depicted. It's clear from the figure that our proposed handover scheme with the HO A-eNB can significantly increase the success probability of inter M-eNBs handover. The main reason is that the whole handover procedure can be accomplished even outage happens in the link of source M-eNB. Compared with the traditional CUPS-based network architecture, the success probability of inter M-eNBs handover in our proposed scheme can be promoted by at most 34.7%.
VI. CONCLUSION
In this paper, a seamless handover scheme with assisted micro eNB for CUPS-based network architecture is proposed. Due to the deployment of UDNs, CUPS architecture, and mmWave, the performance of inter M-eNBs handover is facing serious problems, which severely limits the reliability of the communication system. Aiming at tackling this problem, our proposed handover scheme introduces a handover assisted micro eNB to realize the soft handover between two neighbour M-eNBs. By introducing the HO A-eNB and to be redesigning the handover signaling procedure, better handover performance and a more reliable system can be obtained. As the simulation results show, the success probability of inter M-eNBs handover can be significantly improved because the handover outage probability is reduced due to the assistance the HO A-eNB. Finally the communication systems reliability in the CUPS-based HetNets architecture can be ensured.
